COMMISSION
Al DiPietro, Chairman
william Neilsen, Vice Chairman
Virginia Winn
Mark Koppelkam

* % Richard Frothingham

Thomas Racine
Ellen Leff

DIRECTOR OF PUBLIC WORKS
George Crombie

ENGINEERING DIVISION )
Steven Goodkind, P.E., City Engineer
Ann Daughaday, CME

FINANCE MANAGER
Patrick J. Buteau

i

AR

=

LA YA
Burlington

PUBLIC WORKS

Working together for Burlington

STREET DIVISION
Bryan K. Osborne

TRAFFIC DIVISION
Don Moriey

INSPECTION SERVICES DIVISION
Scott Corse

EQUIPMENT MAINTENANCE DIVISION
Bruce Maysilles

WASTEWATER & SOLID WASTE DIV.
Thomas E. Moreau

WATER DIVISION
Laurie Adams

CONSTRUCTION MANAGEMENT
Jerry Tomlinson

<

1880 WATER QUALITY REPORT

SUMMARY OF RESULTS

FOR THE

BEACH/SWIM SEASON

P.0. BOX 878

+« BURLINGTON, VT 05402-0878

(802) 863-4501




o

SUMMARY OF WATER QUALITY RESULTS
FOR THE

1990 BEACH /SWIM SEASON

INTRODUCTION

This document serves as a summary of the data compiled during the 1990
beach season. In accordance with this year's water quality monitoring
program (revision B, June 1990), it contains bacteriological results of
Burlington’s public beaches plus the streams which discharge into the vicinity
of these beaches, including Englesby Ravine. Data has also been collected on
the Winooski River both upstream and downstream of Burlington's East and
North Wastewater Treatment Plants.

BACTERIOLOGICAL TESTS

The types of bacteriological tests performed vary for the first time this year.
In addition to the standard Fecal Coliform test, certain samples were run for
Fecal Streptococcus and Escherichia Coli (E. Coli) bacteria. These two strains
of bacteria are actual forms of pathogenic organisms instead of Fecal
Coliform, which merely serves as an indicator organism for pathogenic
material. The reasons for trying these strains of bacteria are twofold: (1) A
1984 EPA document titled "Health Effects Criteria for Fresh Recreational
Waters” found a correlation between E. Coli concentrations and
gastrointestinal ilinesses in exposed swimmers whereas there was no
correlation using Fecal Coliform results. (2) A Fecal Coliform to Fecal
Streptococcus (FC/FS) ratio was completed on stream samples to try and
determine if the contamination was due to human or animal activity.

REPORT OBJECTIVE
The volume of data presented here in summary sheets makes complex
analyses difficult, however we will try to answer the following questions:

® Are high bacteriological resuits on the Winooski River being caused by
other sources or Burlington's wastewater plants.

® |s the contamination of streams discharging into the vicinity of Bur-
lington’s beaches coming from human or non-human origin.

e Can we determine the approximate location of stream contamination.

e Are high beach counts and subsequent closings the result of these
streams, combined sewer overflows or a combination of both.

1
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e IsE. Colior Fecal Coliform the most accurate and repeatable
bacteriological test to perform.

e Should we use the State of Vermont's E. Coli limit for wastewater
effluent on beach samples or should we adopt a different limit based on
the above mentioned EPA report.

WINOOSKI RIVER SAMPLES

Samples were taken both upstream and downstream of North and East
treatment plants on the Winooski River which were then run for fecal
coliform. At the same time, effluent samples from the plants were also run.
In order to separate the data into usable information, dry weather and wet
weather conditions are summarized below. Dry weather is set as rainfall
less than or equal to 0.1 inches of rain within 2 days prior to the samples
being taken. Wet weather is defined as more than 0.1 inches of rain within 2
days prior to the samples being taken. This definition of dry versus wet
weather has been based upon elevated levels of bacteriological contamination
in the Winooski River. A summary of results is shown below:

FECAL COLIFORM RESULTS (colonies per 100 mis of sample)

DRY WEATHER (rainfall < 0.1 " within 2 days prior)

North Plant
Upstream 122 ave 300 high 30 low
Downstream 91 ave 190 high 30 low
East Plant
Upstream 181 ave 360 high 30 Tow
Downstream -~ 36 ave 140 high <1 low

WET WEATHER (rainfall > 0.1 " within 2 days prior)
North Plant

Upstream 1318 ave 2400 high 240 low

Downstream 1098 ave 1860 high 280 low
East Plant

Upstream 788 ave 1880 high 130 low

Downstream 893 ave 2060 high <1 low

As expected, the wet weather counts are invariably higher than dry
weather. This shows that stormwater runoff into the Winooski is indeed
contributing to bacteriological contamination. During this sampling period
. the fecal coliform counts from both plants averaged one colony with a high
2



of four colonies. With the exception of wet weather data for East plant,
the downstream counts were consistently lower than upstream. This is
caused by the dilution effects of effluent with low coliform counts and
the die-of f of bacteria, to a smaller extent.

According to East plant personnel, there is no stormwater outfall between
the plant’s discharge point and the downstream sampling point which could
add contamination. For some reason, two out of four wet weather samples

had larger downstream values than upstream, however this is no cause for
concern. :

BEACH RESULTS

Beach samples were run for Fecal Coliform from North, Leddy and Oakledge
beaches between May 31st and September 7th. The number of sampling
times is different for each beach because of repeat samples after a
violation occurred and the fact that North beach was open longer than the
others. The results for each beach are summarized below with summary
sheets and graphs for the months of June, July and August attached in
Appendix A at the end of this report. Also, during the month of August, all
beaches were tested for the presence of E. Coli. Later on we will try to
attribute the source of high coliform counts.

‘North Beach

Fecal Coliform

Forty-two (42) samples were taken from the north and south ends of North
“beach between May 31st and September 7th.

The north end had 7 violations of the Fecal Coliform 1imit out of 42 (17%

violation) with only one that couldn't be attributed to a rain event as

defined earlier. The violations ranged from 240 to 1700 colonies.

The south end had 12 violations (29%) with three that again could not be

attributed to rain events. High counts ranged from 220 to 1000 colonies.

E. Coli

Nine (9) samples were run for E. Coli between August 2nd and August 17th.
The north and south ends had 4 violations of the 77 col/ 100 mi limit, all

" attributed to wet weather.

Leddy Beach
Fecal Coliform

Twenty-two (22) samples were taken from the north and south ends of
Leddy beach between June 18th and August 17th.

The north end had no violations. The south end had one violation which may
have been caused by a rain event.



E. Coli

The north end had 3 and the south had 4 violations out of seven (7), each
having a high count on Aug. 17th, when rain was recorded at Main plant but
not at North plant.

E Oakledge Beach
Fecal Coliform

Twenty-three (23) samples were taken from the north, south and cove of
this beach between June 18th and August 15th.

The north end had 7 violations (30%) with one not caused by a rain event.
The south end had 5 violations (22%) with two not caused by precipitation.
The cove had 4 violations (17%) with three that couldn't be attributed to a
rain event.

E. Coli .
The north, south and cove areas had 2, 1 and 1 violations respectively out
of four (4) samples.- All could be attributed to wet weather conditions.

COMBINED SEWER OVERFLOWS (CS0)

- By definition, a C50 is said to have occurred when the stormwater flows
are high enough to cause both storm and untreated wastewater to bypass
the Main treatment plant and discharge directly into Lake Champlain in
order to protect the plant from damage. Although it is difficult to know
when stormwater contains raw sewage, it is likely that a CSO has
occurred when the flow into Main plant has exceeded 7 MGD for more than
4 hours. Note, however, that these estimates did not always coincide with
high total daily rainfall measurements at Main plant. CSOs are more a
function of the intensity of a storm rather than the quantity that fell. For
instance, a 0.25" recording in an hour can potentially be more devastating
than 1" of rain over four hours. Using this assumption, 12 CS0s were .
recorded for the months of June, July and August of 1990. The dates are
shown below:

Combined Sewer Overflows (Q > 7 MGD for > 4 hours)
June 3, 21, 22, 23, 29

July 20, 23, 31

August 6, 10, 27, 28

This information will be used later to interpret beach results.

BEACH STREAMS

Streams feeding into each of these beaches were tested on a periodic
4
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basis for Fecal Coliform (FC), Fecal Streptococcus (FS), and E. Coli (EC) and
were found to be quite contaminated. There is one stream feeding into
North beach, which has been designated as north stream. There are two
streams feeding into Leddy beach, designated Leddy Stream North and

South. Final 1ly, the mouth of Englesby Ravine is located at the extreme

north end of Oakledge beach. Samples of Englesby were taken at six
locations from the head to the mouth. Also, a small stream located at the
south end of Oakledge was sampled.

~ Fecal Coliform and E. Coli results are shown graphically in Appendix B at

the end of this report. A log scale for the bacteriological counts was
necessary because of the wide range of numbers. The last page of
Appendix B shows EC versus FC plotted for all streams to see if there was
any correlation between the two tests. All streams were grouped together
in order to get over 30 data points, which statistics will tell you is the
number of points necessary to make accurate asumptions. With a
correlation coefficient of only 0.79, Burlington concurs with the EPA that
there is no correlation between Fecal Coliform and E. Coli. Fecal
Streptococcus will be used only as a ratio to determine the type of
contamination.

A wet/dry weather scenario like the Winooski River samples was
attempted, but since the watershed for each stream is different, this
distinction was difficult and would have led to erroneous interpretations.
For any distinct sample results mentioned, this author will point out any
rainfall within two days prior to the sample being taken.

Summary of Stream Sample Results

North Beach Stream
Samples were taken from the head, middle and mouth of this stream.
Results ranged from a low of 80 to a high of 13000 col/100 ml. Only 3 out
of 21 samples were below the Fecal Coliform limit of 200 col/100 m
(86% above) and none were below the E. Coli limit of 77 (100 % above).
Even in dry weather, this stream ran high counts. Comparing all three
sample locations, the highest counts alternated fairly evenly between the
head and mouth of this stream for FC, and the mouth was always higher
than the others for EC. There does not appear to be a certain area causing
contamination, since this data shows that the entire watershed is for the
most part contributing.

Leddy Beach Streams
Eight FC samples and six EC each were run from the north and south

streams at Leddy Beach. The north stream FC counts ranged from a high of
3800 colonies to a low of 20 with 5 out of 8 (63%) above the limit.
North stream EC counts ranged from 50 to 1500 colonies, with 5 out of 6
(83%) above the limit. |
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South stream FC counts ranged from 20 to 5200 colonies, with 50% over
the limit. EC ranged from <10 to > 1000 with 83% over the limit of 77 col/
100 ml.

North stream counts were higher than south stream for a given sample 5
out of 8 times which says that both streams are equally contaminated.

Oakledge South Stream :
Eight FC and six EC samples were run for this stream. Fecal Coliform

ranged from a Tow of 10 to a high of 4400 colonies with 88% over the
limit. E. Coli samples ranged from 370 to 4400, and as you can see were

all over the 77 col/100 m1 limit. This stream appears to run contaminated
all the time.

i Englesby Ravine
Englesby Ravine was sampled in six locations, with some locations being

done more often than others. For graphical purposes, three were
designated Upper Englesby and three were called Lower Englesby. The
lower section is comprised of the mouth, the ravine at Pine Street and
Shelburne Road. Upper Englesby is the head of this ravine at Crescent Road
and includes two ponds at Burlington Country Club which overflow into
Crescent Road.
As expected, flows observed in the upper ravine area at all times were
magnitudes of order less than the lower sections.
All results are summarized below, from head to mouth. The last two
columns show the number of times counts were over the 1imit for a given
parameter and how many times a particular location had the highest
concentration compared to the others.

FECAL COLIFORM

* sampling * over # highest for
Location times limit sampling date
BCC Left Pond 7 S(71%) 1
BCC Right Pond 7 S5(71%) 0
Crescent Road 7 7 (100%) 1
Shelburne Road 8 7 (88%) 3
Pine Street 5 5 (100%) ]
Mouth 9 6 (67%) 3
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, * sampling * over * highest for
Location — times limit sampling date
BCC Left Pond S 4 (80%) ]
BCG-Right Pond o) 3 (60%) 0
Crescent Road 4 4 (100%) 0
Shelburne Road 6 6 (88%) 2
Pine Street 5 4 (80%) . 0
Mouth 8 6 (75%) 3

From the above data, one can see that this ravine like the others runs
contaminated pretty much all of the time. High counts are less critical in
terms of beach contamination at the head than at the mouth, since smaller
flows means less of a total count of bacteria entering the lake.

The source of contamination does not originate from one particular area,
rather it starts at the head and is continually added throughout the length
of this ravine. Reasoning for this hypothesis is such; if bacteria was
being added only at the head of this ravine, increasing flows added by
travelling downward toward the lake would reduce the concentration of
bacteria per 100 mis of sample. One can see from this data that the
counts typically increase as they travel towards the mouth which tells us
that bacterial contamination is being added at a rate greater than the
addition of increased flow. Appendix D shows a graphical representation
of this hypothetical situation.

FC/FS RATIO

The Fecal Coliform to Fecal Streptococcus ratio has been employed to
determine whether the source of bacterial contamination stems from
human or non-human origin. According to the 17th Edition of "Standard
Methods for the Examination of Water and Wastewater”, a FC/FS ratio <0.7
indicates animal origin, 0.7 to 4.4 is mixed human and animal, and 4.4 is
human only. This version of "Standard Methods” makes it clear that this
ratio is only a guide and many factors can skew the results. One of the
most critical factors is the relatively short lifespan of the streptococcus
bacteria outside its host compared to fecal coliform. However, it is this
author’s belief that if the streptococcus had indeed died off quicker than
the coliform bacteria, it would only skew the ratio toward the mixed
human/animal area since FC is in the denominator of the equation. The
results, given at the end of this report, are summarized here.

~ Leddy Stream North - 7 samples taken 6 animal 1 mixed

Leddy Stream South - 6 samples S animal I mixed
7



North Stream Mouth - 9 samples taken 6 animal 3 mixed

North Stream Middle - 2 samples 2 animal
North Stream Head - 5 samples . 5 animal
Englesby Ravine Mouth - 7 samples taken 4 animal 3 mixed
ER @ Shelburne - 5 samples 5 animal
ER @ Crescent - 5 samples 4 animal 1 mixed
BCC, left pond - 5 samples 4 animal 1 mixed
BCC, right pond - 6 samples 6 animal
Oakledge Stream - 6 samples taken S animal 1 mixed

One can see that at no time did the ratio indicate only human contamina-
tion. As a check, the ratio was done on primary effiuents of all three
treatment plants twice to see what would happen. Although the extremely
high dilutions necessary to read the plates can produce large errors, the
ratios ranged from a mixed of 0.8 to a definitely human ratio of 27.7.

In August of this year, a large portion of Englesby Ravine was walked to
find any evidence of human contamination. No pipes were found iltegally
discharging into the ravine, and no evidence was found along the banks.
Since the ravine and other monitored streams drain large amounts of land,

both urban and wooded, this author believes that animal contamination of
~ the nature found is a very real problem.

CSO VERSUS STREAM

This next section is an attempt to determine if high Fecal Coliform counts
were perhaps caused either by a CS0 or a stream. The dates of beach
violations are shown below with potential causes.

Beach Violation Main Plant Beach

Location Date €S0 Stream Comments

North 18 June No Unknown Stream Vsamp]es started

(South end) on 27 June

Oskledge 20 June No Potential Probably Englesby; 0.04 " -
(A1) rain fell on 19 June

Oak ledge 25 June No Potential Maybe caused by Oskledge
(Cove) South Stream

Oak ledge 28 June No Potential Colonies seen in Englesby

(A1)



-

Oaklédge
(AI)

Oakledge
(South)
North
(AID)

North
(South)

Oakledge
(No. & So.)

North
(South)

North
(A1)

Oak ledge
(North)

North
(Al .

‘ North

(South)

North
(AID)

Oek ledge
(North)

North
(Al)

Leddy
(North)

Oakledge
(North)

North
(AID)
North
(A1)

North

S July

6 July

3 July

12 July
16 July
23 July
24 July
24 July

6 August
7 August
9 August
13 August
15 August
15 August

15 August

- 28 August

29 August

7 Sept.

No

No

No

No

No

Potential

“Patential

Potential -

Potential
No |

No

No

No

No

Potential

Potential

Unknown

. Probable

9

Potential
Probable
Probable
Probable
Probable
Potential
Potential
Probable
Probable
Probable
Probable
Potential
Potential
Potential

Potgntia]

Potential

Unknown

0.05"rainfellon 4July

Next sampling not until
10 July

Background levels seen on
10 July

Background levels seenon
11 July

High levels seen on same

day

High levels seen on same

day

€S0 on 23 July plus high
stream levels

High levels in Englesby
CS0 same day; very high
levels in stream

Yery high levels in stream

Yery high levels seen on
7 August

High counts throughout

Englesby

Rainfallon 13 (0.5") and
15 (0.05") August

Rainfall on 13 (0.65") at
North Plant

Rain plus high levels seen
in Englesby on 13th

CS0on 27 August; no
samples taken after 20
August

CS0 on 28 August

Data not available
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This information shows that the streams feeding into our beaches are much
more of a threat than a CSO from the Main Treatment Plant. Therefore,
combined sewer separation and stormwater treatment may reduce but will
not eliminate the number of beach closings due to bacteriological
contamination. The only options available to reduce loadings on the beaches
-caused by contaminated streams are briefy outlined below:

Option Advantage Disadvantage

Source elimination Ideally the best way to Nearly impossible since source

or reduction clean up streams does not originate from a particular

' area. Non-enforceable

Detention Ponds Contaminated stream flow Not possible on all streams because
not allowed into Lake many are oo large

Stream Disinfection Bacteriological kill achieved  Disinfection by-products releassd
over wide flow range if chlorine used. Continual 0 &M

costs

FECAL COLIFORM VERSUS E. COLI
This last section deals with the use of one bacteriological test over another
for next year's beach/swim season and beyond. Fecal Coliform is still widely
used for recreational waters, and in fact will continue to be used by the State
of Vermont Health Department. However, a 1984 EPA report titled "Health
Effects Criteria for Fresh Recreational Waters” could not find a correlation
between FC counts and gastrointestinal ilinesses in exposed swimmers.
Although this report is the only one known to us, it is quite thorough in its
procedure. EPA did find a correlation between illnesses and concentrations of
both E. Coli and Fecal Streptococcus. We have successfully tested samples
for streptococcus and the procedure is easier than E. Coli, however its 48
hour incubation period makes it unuseable for beach testing.
Our next choice is between using FC or EC as a standard, and at what
concentration is considered an acceptable risk. Let's review the current
standards and use them in conjunction with our own data to make this
determination.
The current wastewater standard for Fecal Coliform is 200 colonies per 100
mis of sample. This standard is derived from the Total Coliform limit, which
was arbitrarily set by the California Bureau of Sanitary Engineering in 1943
at 1000 col/100ml. The FC limit was then adopted after research in the mid
1960's showed that Fecal Coliform averaged roughly 20% of Total Coliform in
the Ohio River. Therefore, neither of these standards have any epidemiologi-
cal basis.
Based upon the above mentioned report, EPA has asked States to utilize E. Coli
as the standard for wastewater effluent. They gave States the flexibility to
10
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set the limit, however they could not exceed 125 col/ 100 m1, which
translates to a level of risk for 9 out of 1000 swimmers (0.9%) to
potentially contract gastrointestinal iliness by swimming in polluted waters.
The State of Vermont has adopted a wastewater effluent limit of 77 col/ 100
m1 which translates to 6 infected swimmers out of 1000 (0.6%), Appendix C
contains the graph taken from this EPA report. Burlington does not need to
adopt the State's effluent 1imit for recreational waters, but can make their
own choice about an acceptable level of risk. A comparison of the beach
violations using Fecal Coliform, E. Coli at 77 col/100 ml and E. Coli at 125
col/ 100 m1 are summarized below:

Vioplation Comparisons

Beach _ % violation % violation % violation
Location Fecal Coliform E.Coli@ 77 E.Coli@ 125
North Beach North 178 448 333

North Beach South 29% 448 22%

Leddy Beach North 0% 43% 14%

Leddy Beach South S% S7% 29%

Oak ledge North 30% 5038 ' 508

Oak ledge South 228 25% 258

Oak ledge Cove 17% 25% 0%

It is this author's belief that E. Coli be considered as the method of choice
because of the epidemiological evidence presented by the EPA. In addition, |
also think that the recreational water limit in Burlington be 125 colonies per
100 mis of sample because the level of risk at this concentration (0.9%
versus 0.6%) is, in my opinion, acceptable and would not cause unnecessary
beach closings. The wastewater limit of 77 colonies is acceptable and
achievable for a water that is disinfected, but this limit at the beaches would

‘result in overly conservative closings. Unfortunately, too few samples were

taken this summer to immediately adopt this policy. Therefore, it is
recommended that a decision be made after next summer’s data is reviewed.
Next summer’s goal would be to run Fecal Coliform and E. Coli on the same
samples, using the FC results as a governing factor.

11



SUMMARY OF OBJECTIVES
The objectives outlined on pages 1 and 2 of this report are summarized below:

® Are high bacteriological results on the Winooski River being caused by
other sources or Burlington's wastewater plants.
High Fecal Coliform counts on the Winooski River result from stormwater

runol’t during rain events and are not caused by Burlington's treatment
plants.

¢ Is the contamination of streams discharging intq the vicinity of Bur-
lington’s beaches coming from human or non-human origin.
Evidence shows that the contamination of streams feeding into Burlington s
veaches are caused with high certainty by animal sources.

® Can we determine the approximate location of stream contamination.
Based ypon the information presented bacteriological contamination is

agaed throughout the drainage area of these streams. Mo specific locations
can be iaentified

e Are high beach counts and subsequent closings the result of these
streams, combined sewer overflows or a combination of both.
170st of the beach closings appeared to be caused by streams flowing into
them rather than CS0's. Out of all the beaches, North Beach aopears to be
the most sensitive to a potential of CSO's based on its geographical
location CSO locations at the time - Main Plant, Maple Street,
College Street
® IsE. Coli or Fecal Coliform the most accurate and repeatable
bacteriological test to perform.
£ Coll is the best method based ypon scientific evidgence

® Should we use the State of Vermont's E. Coli limit for wastewater
effluent on beach samples or shouid-we adopt a different limit based on
the above mentioned EPA report.
/t Is recommended that we adopt a limit of 125 colonies’ 100 mis of

sample for recreational waters arter surficient data fmm next years
beach/swim season Is reviewed

Many thanks to Burlington Parks Department for collecting beach samples, and
especially to DPW's Wastewater Division, both full-time and part-time
employees, who not only collected but also ran and read most of the samples

done this summer.
7
tephen T. Roy

Process Engineer
12
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¥ Head of stream: Flow = Q
Bacteria = 1000 col/ 100 ml

Scenario A: P
Contamination added >l
only at the head of

stream -

Flow added with no bacteris

- Mouth of stream:
Flow = 10*()
¥ AT Bacteria = 1000/10
e = 100 col/ 100 ml
/,.-r-"'_‘_'—_'_’ i

~ Lake Champlain ™

v Head of stream: Flow = Q
( Racteria 1000

Scenario B:
Contamination added
throughout length of
stream

Flow sdded with bacteria =
2000 col/ 100 ml

-
Mouth of stream: Flow = 10*¥ ()

«  Bacteria = .1{1000)+.9(2000)

= 1800 ¢nl/ 100 ml
/r_-_\—ll:ake Champlain \\\



RAW DATA




ol S D A

Sample:
Seaple:
Sample:
Sample:

Sample:

Pecnine
(4
Sample nm

.
Nm... ?:..J

Sample:
\.2_,\./
Sarple:

Sample:

Sarmple:

Sample:

.:,v ‘.,u — o .
«~ u\\nhny\ «
“TESTING" BURLINGTON FUBLIC WORKS — WASTEWATER DIVISION Sheet # WQ..\
STeEAM: - ... SAMPLES
SAMPLE | PONORTH {
DATE |  LEDDY BEACH ! BEACH | . ENGLESBY N é & _o%n
BY ! NORTH SOUTH | /MouTH | mibore RAVINE Sens Loe efqe
Naritn = Pnin 91221 HEAD 1 NovTh  Shelbuine Cresceatr  Prospect L ﬁ?:.oﬁ. Souty
) X ! | ! “ " ! “ ” ' ! "
1\3 16+ J10 ' - 5,300 ' 3,400 ' ' 1 4D N\Qb. ' 1 350 “
To 3P Qv i <10 i 180 m Lo i 330 (750D, 13030 o
% sF | 130 i a7 | 330 | | | | | |
T sF .70 . N6 | .96 . | Zoo . //.5vo a {2,100 . | ], §90 -
73 54 i-3me | a0 | e Suw | gyeo. ((Bi109)} asa | 3300
| 795 3E n. - 8,000 ¢ /e 150C “_ n_
1 7-30 Ve 1 93d. &?O:.“ L 1320 1 bbO 380 1 530
(Sl i Baos | <o | Jgwh. ) ; : ; ! |60
&7 1 D0 5Ga i jdoce 1 1360 4 7000 T F00. . L 4020
803 u. “_ “_ ". i_2300._1_ U i Yoo
! ! A VoY ) ! ! ! ! “ ! !
{000 (D e g | (600 ! ! ! . !
—— S — ] )
82t ”_ “. ". “_ 10
ﬂ_ _. ] 1] t .|l \ ] ) ] ] ] ,,.w 3
M= \\\



Fecal

"TESTING" BURLINGTON PUBLIC WORKS - WASTEWATER DIVISION Sheet # /[
SWIM BEACH SAMPLES

SAMPLE NORTH BEACH LEDDY BEACH OAKLEDGE
DATE SAMPLED BY LAB NORTH SOUTH NORTH SOUTH NORTH SOUTH COVE
! n ” i " i i i “ _ i
" “ . n N | " “ | “ “
" “ “ u " " “ " " ” i
sample: 13731030 | TParks | y 170, | | “ | | “ “

N

§

N

il
N

Sample: “ﬁ\&\ﬂg MI.\_VA.\.WM ""

Rk | 48 | zo |
..|-ﬂ9_\.r.w,

Sample: M .ﬁ.\q\mO
Sample: "_ @\:\¢O

Sample: m &\RN\JO

>
0
N
¢
X

N

3

X

%
!N
i

N

N

N
h}
T~
(N
=
fé“_
o
N
§)
N
£
N
A
N

Sample: “_ &\\®\¢D

FWORTR

sampre: | bMRO} Racks | | 20 ST

Sample: MQ\NO\GNOM \VUQ:\W&. ““ ”

G
-
®
N
A
e
N

N
N
N
0

Sample: _“ &\M\\&O

Sample: MW\N.}O

N
&
X
R
C
:

N
o

(FA’

]
Sample: m \NN\&O

_“ sA \O ..z.r....“ L:A\Drrnr _ .. . A \ O “_

pug L DTS

Lob T ab T U Cab 1 lab 1 Leb 1 Zab . |
o ot 1 acidenty acident §acciden b1 accident | s F |

Sam M®\Nw\pwo BdenT G act

R ) R i i




ol uﬂﬂy

"TESTING" BURLINGTON PUBLIC WORKS - WASTEWATER DIVISION Sheet # N.
SWIM BEACH SAMPLES
SAMPLE NORTH BEACH LEDDY BEACH OAKLEDGE
DATE SAMPLED BY LAB NORTH SOUTH NORTH SOUTH NORTH SOUTH COVE
! ! “ " T n “ " “ _ _
i ] i ] ] 1 1 [} ] ] )
1 i 1 1 b i 1 1 i i |
| e “ n | o { . g , . i
MNEUHW : “ QE& o “ \vgﬂrww “ “ m b e it " oo .L&.wrruﬁnt‘ " T, ® e “ JEIN \O .I...t...ux.‘...Nm T “ ‘p.frmk;..“__hb,p.”_@ - “

R,
A

~
(W
I
N
N
N

Sample: “_ 9\N®\4O

| o> | sB> | gl

1 N -
_~ .A:‘\OE,.MLF:. / OPEF““?.F\ O~

Qa
3
7~
L

Sample: _" .q\w\aO

ter L0 Porks | 12 128043
Sample: | /60 | Parks | ] w “
sampre: | /330 | Parks | R i = el
sampie: 1 7/10f10 | Parks | , 1O} 20 | M w w w M
sample: | 7/11/30 | Parks | o 1<l ] "“ M W M M
sanpre: | 20 | Parks | L8 lgososy 2 4 2 (/2 4 <l

Sample: w -\\M\QO.. Rorks M W \Q M <[O ““ 4 n“ M ! ““ ““

sampte: (490 | Parks § § 5217267 B0 L 18 AT 480> | St |

o oMo Pcks Ll i {4 {0 2 |




Sample:

Sample:

Sample:

Sample:

Sample:

Sample:

Sample:

Sample:

Sample:

Sample:

Sample:

qu

)

"TESTING" BURLINGTON PUBLIC WORKS -~ WASTEWATER DIVISION Sheet # rmw
SWIM BEACH SAMPLES
SAMPLE NORTH BEACH LEDDY BEACH OAKLEDGE
DATE SAMPLED BY LAB NORTH SOUTH NORTH SOUTH NORTH SOUTH COVE
; “ i " i “ 7 ; “ i
“ . ! R | | | | _ !
1/9/10 ) Farks | {72 1.90._.1.18 .98 | “ “ M
/230 | TFarks | | 4Ol G7D.| 70 | JO ] !
Teafo | Parks | a Wz - Ge> b zo— o | 1 1 7]
Tpfao | Parks | PM | GoLlgoel20. 0ol i) 30|
7.36% Preks v AM 1 86 v 30 4 /6y 18y Jb Q n /8
” “ “ ; | o1 “ ; “ |
7:30-90; Papks 1 A\ 86 /3Y F,%m VR Mo 4 A
| ! ! ! [ 20 | “ ! { !
539 PaRKs 1 AM 1 /20 1 /60 1 M 1 Ho 1 )p0 1 Q00 1 30 !
£:b:90 1 TheKs ;A m% 1 (3TO 62 FO- e [ DO iegsnO. i, | SO b0
£ 79| Prcks | P}~ “_ | | M ""
&9 90! Pakls | AM _N\ho@;_ \Q@_Loo 1 A S ] TO |
” | T i | | [ | | |
§-10-90 1 PARKS | P 1 S0y g | | | ” "
Fo~ N T L " |
.-z%.\.m..nwo T!.ﬂ)ﬂ.ﬁv t AM 1,0 el 20 ) (O 1 /6o n\mw\O ) \uo | g0 !

g



 ———

@3b?n
Sample:
Sample:
Sample:
Sample:
Sample:
Sample:
Sample:
Sample:
Sample:
Sample:
Sample:

Sam{ :

"TESTING" BURLINGTON PUBLIC WORKS - WASTEWATER DIVISION Sheet #
SWIM BEACH SAMPLES
SAMPLE NORTH BEACH LEDDY BEACH OAKLEDGE
DATE SAMPLED BY LAB NORTH SOUTH NORTH SOUTH NORTH SOUTH COVE

[ ! ! [ . ~ | . I i &l\\m\u. ! 1 !
13- 1S %o ! «\ubx.hﬁ m m K.VOQ\...H.WM ) /50 _m%\ s m § m /& O..._E,..r..,.m;.,._,r.u.o, m
! ; | _ | | _ _ “ | |
1 51790 1 ParKs L AM 1 30 30 (30 4 S0 | | |
! | | A N R " . |
| £02-90 1 JARKs | P i H00-y 10670 go~ | " “_ "_
! s ! ! | | | | | | -
! 7909 1 FARKS ! | o O oA Oy ! ' ! ! o
“ | " I 30 | _ | | _ | |
| £ 239 1 Ports & 20 “ " | ". “_
L ! “ | | | | | |
A CIN R YN ST ! ! ! ! ! !
! “ | ! | | ! | .
| 82690 1 TPrels 1 pM “_ | | | ..
| | “ T, N | | | | |
| §908% 1 Peets 1 P M0 e " “ | ! “
! | . | N L ! . ! | “
t $9990 1 Parks G307 “ _. | ! !
| 5-30-901 Parks | MM 20 tnBos] _“ ] _” | m
] } 1 ] ] 1 ]

| By Tarke | PM L dloat s "“ M "_ | !
' Ggedo | Poks | “ “ “ " ! “
| e ' | “ | 3 ! |
| | | | | ! | | o
| . ' | . ! ! ! i




ol \mm.m_o\\.

A800

/8L

50

/990

"TESTING" BURLINGTON PUBLIC ZOEAw - WASTEWATER DIVISION Sheet # m@ ‘\
R . SAMPLES
SAMPLE | ! NORTH ! ¢3§>¢
DATE ! LEDDY BEACH i BEACH ! Hexverestn
BY | NORTH SOUTH | MovTH | § | OAtledqe — RAMIKE! et Bk 196
A Savlh Hopl \.\Sq&_ |l L G laa b Eiftes 8 | el
V42 ! ! ! | ! ! ” ! n Lt ! “
Sample ! “\W\?R.“ A0 TNTC ™ 1600 1 330+ (350) | “ Lot " Fight ! “
7 S 100G
1 ] [} ] ] ] 1 [} [l ] ] []
seore: 1 /M T6 | m Y0 m 3 m m m m :
PAF
samole: 17:9% $¥ 1 500 i oo TNTC  gyos 3 Ash 3 CLloo D yuve  y /oo i 650 % ygo |
Ptoocos
] i ] 1 ] ] ) ] ] ) ] §
saple: | 738" 5¢ ! ! |_And " ! “ "_ ". _jood
semole: | 7239 0 Lo 1 jlo 1960 310 4O : .“
Sample: "_ Ep “. A0 “_ <o ". ,w_cwcc "_ n_ “_ “. “_
S ! o ! ! e T Y v v ! !
semole: | 6 '7 3 /AUO 4 300 4 cpeC y fooo 2oy (Gu0c/ ) yope OOy D0 "
! “ ! ! " S “ _ e “ : !
sample: | 013 | ! ! L §60 = Yoy oo 1 \/e0d i fio v leo !
) t 1 ] ) ] 1 ) ) ] ) 1
Sample: | 7o ! 570 .“ <10 ._ ." .“ .“ £/0 _“ .“ _“ .“ _“
sarple: | 87V ". ! /0 370 i 16 i 76 i ".
“ ! " “ ! “ ! : ! " ! !
Sample: | ! ! ! ! ! ! ! ! ! ! !
“ " ! ! " " ! ! ! ! ! !
Seole: ! ! : " ! ] ] ] ! " ! !
__ “ u " “ | ! u " " " "
Sample: ! " ! ! ! " “ ! ! “ ! !



‘ A £, Cl A |

"TESTING" BURLINGTON PUBLIC WORKS — WASTEWATER DIVISION Sheet # -/
WINOOSKI RIVER SAMPLES
“NORTH MOUTH  DOWNSTREAM NORTH WWTP  UPSTREAM  DOWNSTREAM  EAST WWTP  UPSTREAM
DATE aappw STORM WR1 NORTH WR2  EFFLUENT NORTH WR3  EAST WR4 EFFLUENT EAST WRS »
Mayn_(sU fte
' 16| ' " ' ' " g ' : '
semole: |_ 1! i _oloo “ <! " ! <l !
1] ] ] 1 [} ] ] [) (] ¥ )
1 [} 1 ' 1 & ] [} ] ] 1
semole ! ! 30 SO0 i Jlo i L) /30 o« /0 4 K1 310

se. 17/} : ! : ; : : ; ; :
semple | 133\ §F0,000 ; ; : : ; : o :
semple: | 7-d6 ! /o i 370 i 350 i L AY0 “_ ' ".
sample |8 i S0+ Jo i 5o 70 Lo  loo
sample: |01 8 L Q20 10 v O | i o 6 " oo :
sample 1 515 9900 1 4ot /360 i TN+ /]o0 % Jco TEYC i 960 iR
semple: | “. ' “. “_ "_ ". "_ ". “. “.
Sample ". “_ “. “. “. “_ ”. “. “. “. ».
samole: | ; ; ; ; ; ; ; ; ." ;
samole ! _“ : : ." : : : : .n :
* Semple: w.ck "_ "_ ". .. Sy “_ “. | “. / :




* £ . Coli % :

"TESTING" BURLINGTON PUBLIC WORKS -~ WASTEWATER DIVISION Sheet # WQ..\
SWIM BEACH SAMPLES
SAMPLE NORTH BEACH LEDDY BEACH OAKLEDGE
DATE SAMPLED BY LAB NORTH SOUTH NORTH SOUTH NORTH SOUTH COVE
Marn ot . HMidns

! | | " “ | “ | “ | !
| ! _ " e n | n | ! "
1 1 ! ! dny i 4 ! LZ’ 1 dm 1 Lf) | dna I 4= 1
Sample: _“ g:290 .“ 7AKKS .n .n Y0 _“ \,w |__F0 _n /0 _“ IO _“ /0 | _R/0 _“
o " “ bourt b ek ek L web et e e
Sample: |_F.4-%¢ | FARKS | | /0 1 /00" 50 |70 Yo t_4o 1 oD “
1 ! ! ! poed ! vet. | 1 1 ] o
Sample: _“ 879 ﬁb\ﬁhv ! \\@3 1 30 | o0 ] _“ .“ _“ _“ _“
i ) ) ! e ¥ } WP 1 E.@.‘. oty | ! 1 T
Sample: | 9°9-% "_ .%\:P\Am “_ ! 4 70 _. /00> __ /0. “_ g0 - ~_ i n_ n.
| " _ SRR “ | . | _
sample: |_§10-90 1  PARKs \_Ho 4 707 “ _“ .“ ! ;
| S “ Powel T ek Wt wel 1wkt 1 wed 1 et
sample: |_§13-70) JFArRICs i fO 120 1 _[fo 1 /50 4 330 ) /30 =80- |
o ! boowet b el T et b e 1 wad o e |
sample: |_§45-9 1 ParKs ! V370 0330 4500 }.-§0 V420 1 ko i 0
| “ “ R N A S bodm | _ | _
sample: |_/7:970 1 Parks | AM | 30 | 6o - | @ (__720 ( | __ |
“ “ “ Loowed e de e dey . _ n
sample: | 47991  Parks 1 P . J200 1 300 | .40 __1_800 | ; | |
“ | | “ ! | _ ! ! " |
Sample: ! “ ! “ ! | " ! ! | !
n “ “ ! | ” | | ! | “
Sample: ! - ! P N B | ] ! ] ! i
| ! | o | _ _ _ _ |
Samp™ 't | - i " R | ' ' ! ' -
Q.ri\ izt \



\f £ | . ‘. . .\J . . . ’ _ ,..\....!-W,.

Fecal m.e\&vts \ Fece/ Strepococcus Katio _
BURLINGTON PUBLIC WORKS - WASTEWATER DIVISION :
, SAMPLES 75- /
Streams inh . S ec hes N .
&/27 7/lo q\\v M 9.98 5. .30
: b 00 i . ! ! H ! ' :
Saaple | SrAt Nofh__ 045 1 /.36 10,607 ! ! 1 020
| Zevoy Ak " “ “ " “ " “
Sample: |sreeam Soufhl 0.50 1401 1 0.045 - b ! v Y3
| NeAH BEACGH, “ . | ! ! ! “
Sample: !sweam nr# 195 1 0.385 “_l@\&w y 0162 | L 9,35 1 /.S '
Acart] Beach; T | “ n b “ “ -
Sample: icreeam rroae ! 1 0.355 | ] LO.x 9 "

) £ 0,7 ¢ Animal
1 0,23 w 0.Ms~ .“ 0.7-4.4: Hixep

IAbCTH- 8FATE
Sample: |smspa  HeaD

©
o
%
-~

.hsw\nmw\ Y4 ! ! ' i i ; “... V y.y: Ic3>Z
Sample: | _AMourtt ! ,D,....\,m. 1 O.dS ! 0.2%6 ! ' | 1 0,54 ;

Englesdy B 1 “ ! ! | “ ! T
Sample: "&mﬁsm.n p 037 v 0.2, 607 ” ! 1 0,53 4

yzngleshy R ! ! | _ o ! !
Sample: “AQWNSN.\ ! 'y 0.53 1 0,03 "OLb “ " d. 7% |

o5 R e st

tinaeles ! : H ' ! ' ! ! -

Sample: |S. Mespec? | 6 37 ! ! | y O Q7 | “ 0.1 “

\@nglesly §. " ! I ! B . ;
Sample: K«%NQ\N\& ! 0:25 B} .0y ”OLO ! v LB '

' Enaglesdy R ! ! ! { ! ! !
Sample: @W»Wmﬁ\m“n@ ! 0.07 v 007 ! ! 0.05 ! ' g0y “

| DAL i E “ ; ; _ “ ;
Sample: “MQNW«%JM.E:!.:... y 0.04 ;Q..\Q..\wi b ” ; 1 O Y1 “

“ ! “ ! T | | | |
SELLCHI . i ] T g { ! i




, s.o..v._\\-}‘ ny b £
£0.7 % o o . _
SN Jernt Q\,\; JFrad Shopt- T |
. A
Cu7- 4.y i xed "TESTING" BURLINGTON PUBLIC WORKS - WASTEWATER DIVISION Sheet # @»\
V FN.‘P\ . Ir..\ro)dl\ ,
! SAMPLE _ Lo :
DATE . . g
£/ 7.7 53 73l

. " ” T _ “ | i ! | !
Sawple I thedoy el .60 4 0436 1 1 0,045 | ! " ! “ “
! | “ “ ! “ | n ; | |
Sample: }Leosy Se/hy £ ).0 poo— | — 00 “ | “ “ !
| | ; _ | ! “ " “ “
Sample: b ol v — 1 0 | ! | | !
r “ “ | ! | | | -
Sample: ] ] o - ] ! ] ! ] |
Ui Sheme | “ “ " | | | _ | |
Sample: | MeAd | v 0.2 1 — 4 0% ] | | | |
-y n “ | _ ! “ _ ! * |
sample: | pleth_ 1 443 1 006 4 Ml 4 | ! | ” " “
I e “ v | ! | ! | “ ! !
Sample: | Shellpuane | {_— 1 0.33% _ ” _ | _ |
Lo e “ “ | | P | : | !
Sample: ! Creswnt ! 3 - “:;Q.WN-L ! ] ! ! ! !
TERD " ; ! | ! ! | _ "
sample: | 9 nest, | L — 059 | | | | | “
' F R ” " ] “ , " B i i ”
sample: lGelf Lpt ! |_—_ /1 030 _ ! ! “ ! !
R T i T T “ ! | | | |
Sample: }Gelf, Riht 10:008 4 .85 | ! ! ! ! “ !
Vo 1 K “ “ i _ i i _ _
Sample: | .»S.:v.t 0,30 “..mv..o.ﬁ ”-lb.b, I ! b | i, d !
“ “ “ | N _ " “ | _ |
- Samra: }_ S P ] T | ! | ! H ]




Fecal D.\\&n;) \?\ﬁnP\ Mm\a\\muﬂonncw Retio
BURLINGTON PUBLIC WORKS - WASTEWATER DIVISION
’ SAMPLES

Swinn W.c?«\\r.u \0\5 v\\\fs\\

’ 7/10 /A 723 3%

! ! | ! | | I ! !
Samplas | NotTh il _ ! 14,73 “ | "
Y AcLTH 60l | i ' | ! H H
Sample: |_ Seuth ! <edo ! d ! /.0 1 ! H i
1 Xeddy Rach ! ! | | ! ! '
Sample: ! \cm:\r ! ! ! 1 <L1.0 ! ! !
1) edd y Geacly) ! ! ! | | ! ! -
Sample: | _ me_Hr i H g ! /07 H ! ' :
| 0akledge | ' ' ' | i ' i
Sample: |_Aerfh ! “ “ 0. “ " | £0.7): PamaL
' oAatledqe | ! ! " ! | ! ! - e )y
Sample: ! .Soyth | ! ! ' 0 ! ! ! 0.1 - 14 .akn,v
' Gatledae | ; i “ | ! ! i .
Sample: | rom b1 ! | t_0.36 “ ” ! 244 Rumans
| ! “ | ” _ ! ! !
Sample: ! ! i ] i | i :
152, : VXS f8 ! , “ !
Sample: “mmm,g\l" 2. 70 1 /, %v\mn“ ' ' ' !
P mary | " ot “ ” | '
Sample: anW>>Nrfh /3.0 ! Job eetst ! ! ! ! ! -
' Prooncry | X APNCES | ! | |
Sample: | A% faspi A2 1 080 “ | | “
! ! ! | ! ! | |
Sample: ! S ! A .t ! i }

=
S’
<
*
N
ot
~0
U\

mmsuwm.






